Multi-floor indoor location estimation system based on wireless local area network by Chua, Tien Han
 
 
 
 
 
CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background 
 
 
The rapid development of mobile computing technology and high speed 
wireless communication systems has fostered tremendous growth in location based 
services (LBS). Through LBS, various applications and services are delivered to the 
user based on their current physical location. Indoor environments present 
opportunities for a rich set of LBS such as navigational tools for humans and robots, 
interactive virtual games, resource discovery and asset tracking.  
 
 
The key to the success of LBS is the estimation of user’s location. Location 
estimation is a process of estimating physical location of a mobile terminal (MT) 
with respect to a set of reference locations within a predefined space. This research 
focuses on design and development of multi-floor indoor location estimation system 
(MILES) using wireless local area network (WLAN). This system is proposed to 
determine the MT’s location in a multi-floor indoor environment.  
 
 
Currently, there are many location estimation systems (LES) available. 
Global Positioning System (GPS) is the most common and universally used LES for 
outdoor area. Unfortunately, GPS is not suitable for indoor applications due to the 
absence of line of sight (LOS) from the MT to the GPS satellites [1].  
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Various alternatives are proposed to provide indoor location estimation. 
Some researches use specialized hardware for indoor location estimation. These 
hardware are designed specifically and solely for location estimation purpose only. 
Ultrasonic, infrared, optical and radio frequency (RF) are major technologies used 
for this type of system. Although these systems able to estimate indoor location 
accurately, they are usually expensive in terms of investment and maintenance costs.  
 
 
In order to overcome the disadvantages mentioned above, indoor LES can be 
developed using existing infrastructures. WLAN, Bluetooth and cellular network are 
major infrastructures used for this type of systems. These infrastructures are usually 
developed for other purposes such as data networking and communication. By 
developing a software layer on top of these infrastructures, a lower cost LES can be 
achieved. In this study, the proposed MILES is built on top of off-the-shelf WLAN 
infrastructure.  
 
 
 
 
1.2 WLAN-Based Multi-Floor Indoor Location Estimation System 
 
 
 WLAN is widely deployed in various indoor areas such as homes, offices, 
schools and museums. Besides using the WLAN infrastructure for wireless data 
networking, the RF signals transmitted or received by WLAN devices can be used to 
estimate the MT’s location. Because signal strength measurement is part of the 
standard operating mode of WLAN devices, no other hardware infrastructure is 
required. WLAN-based LES can be developed using proximity sensing, triangulation 
or location fingerprinting technique. 
 
 
Location fingerprinting technique is the most popular solution for WLAN-
based indoor location estimation [2]. The basic idea behind location fingerprinting is 
that RF signal has different characteristics in different indoor locations. Location 
dependent RF signal elements such as WLAN received signal strength (RSS), signal 
to noise ratio (SNR) or bit error rate (BER) are used as the “fingerprint” of a 
particular location.  
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Location fingerprinting usually works in two phases [3]. First, in off-line 
phase, the LES is calibrated by collecting location fingerprints at finite pre-
determined reference locations (RL) within the targeted multi-floor indoor area and 
stored in a database called radio map. Second, location is estimated in on-line phase. 
The current observed location fingerprint is measured and the LES will determine the 
best match between the on-line observations and the off-line fingerprints in the radio 
map. The RL with the closest match is then reported as the estimated MT’s location. 
This matching can be done according to deterministic or probabilistic algorithms. 
 
 
In this study, the proposed system is developed using location fingerprinting 
technique. WLAN RSS is used as the location fingerprint. Probabilistic algorithm is 
adopted to estimate the MT’s location. 
 
 
 
 
1.3 Problem Statement 
 
 
Currently, conventional GPS system does not work well in indoor area. 
Indoor LES based on specialized hardware usually require high investment and 
maintenance costs. Therefore, an economic LES is needed. 
 
 
WLAN-based indoor LES is one of the economic alternatives. Many 
solutions are proposed for this type of system in previous researches and their 
performances are very encouraging [4, 5, 6, 7]. However, most of the proposed 
systems are only tested for single-floor indoor location estimation [4, 5, 6, 7]. In 
reality, an indoor LES is usually used in a multi-floor environment.  
 
 
In this study, location fingerprinting uses the WLAN RSS to estimate indoor 
location. The RF propagation channel in indoor environment is complex due to 
multi-path fading phenomenon. Therefore, a basic understanding of the indoor 
WLAN RSS characteristics is crucial before the design, development and 
deployment of the proposed system. 
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In addition, performance of WLAN-based location fingerprinting system is 
affected by various factors such as number of WLAN access points (AP) installed. A 
basic understanding on these factors will help to achieve and improve the targeted 
LES performance level. 
 
 
 
 
1.4 Objectives 
 
 
 The following objectives are determined in order to solve the problems 
mentioned above. 
 
(i) To study the characteristics of WLAN RSS in indoor environment through 
measurement for WLAN-based indoor location estimation application.  
(ii) To design and develop a WLAN-based indoor location estimation system for 
multi-floor environment using RSS location fingerprinting technique. 
(iii) To evaluate the performance of the proposed WLAN-based multi-floor 
indoor location estimation system.  
(iv) To study factors which affect the performance of the proposed WLAN-based 
multi-floor indoor location estimation system. 
 
 
 
 
1.5 Research Scope 
 
 
In this study, a software-based MILES is designed and developed. The 
proposed system is implemented and evaluated over the off-the-shelf IEEE 802.11g 
WLAN infrastructures deployed in Wireless Communication Centre (WCC), 
Universiti Teknologi Malaysia (UTM).  
 
The study is divided into four major phases. In the first phase, literatures on 
current indoor location estimation technologies and previous researches in the field 
are reviewed. Strengths and weaknesses of available systems are compared.  
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In the second phase, measurements are conducted to study the characteristics 
of WLAN RSS in multi-floor indoor environment. The goal of the measurement is to 
understand the characteristics of WLAN RSS for indoor location estimation 
application. Results obtained here are used to design and develop the proposed 
system.  
 
 
Based on the literature review and results from the RSS characteristics study, 
the MILES is designed and developed. In this third phase, location fingerprinting 
technique using WLAN RSS is proposed. Java programming language is used to 
develop the proposed system. 
 
 
In the final phase, the performance of the proposed MILES is evaluated via 
real-time stationary and mobile multi-floor indoor location estimation experiments. 
This is followed by a series of experiments on effects of four factors on the 
performance of the proposed system. The factors investigated are number of WLAN 
APs installed, number of topological nodes, number of RSS samples collected per 
location fingerprint and off-line phase sampling interval. 
 
 
 
 
1.6 Contributions 
 
 
 Contributions of this study are listed below: 
 
(i) A test-bed for WLAN-based multi-floor indoor location estimation is built at 
WCC, UTM. This test-bed can be used as a general platform for future 
researches related to WLAN-based indoor location estimation and WLAN 
technology.  
(ii) Characteristics of WLAN RSS as location fingerprints are identified through 
measurements. The results obtained can be used in future for design, 
development and deployment of LES based on WLAN RSS. 
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(iii) An economical software-based MILES using off-the-shelf WLAN 
infrastructures is proposed and developed. The prototype can be further 
developed into commercial product. 
(iv) Practicality and reliability of MILES using off-the-shelf WLAN 
infrastructures is validated via real-time experiments. 
(v) Various factors affecting the performance of WLAN-based MILES is 
identified. Results obtained will help to achieve and improve targeted 
performance of a given MILES in real-time implementation. 
 
 
 
 
1.7 Thesis Organization 
 
 
The thesis consists of eight chapters. Chapter 1 introduces the background of 
this study. In addition, the problem statement, research objectives, research scope, 
research contributions and thesis organization are included.  
 
 
Chapter 2 contains the literature reviews on general indoor LES technology. 
Basic architecture of LES, location estimation technique, classification and 
properties of LES are reviewed. Previous studies on LES using various technologies 
are also reviewed. Advantages and disadvantages of these systems are identified.  
 
 
Chapter 3 presents the overview on WLAN-based indoor LES. WLAN 
technology is reviewed. A detailed description on WLAN-based indoor LES, 
location fingerprinting technique and previous related studies are given. Strengths 
and weaknesses of available systems are compared. 
 
 
Chapter 4 discusses the methodology of the study. Approach taken to achieve 
the research objectives is presented here. The test-bed, hardware and software 
components used in the study are also listed. 
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Chapter 5 presents the study on WLAN RSS characteristics. Measurements 
are conducted to study the characteristics of WLAN RSS for location fingerprinting 
application.  
 
 
Chapter 6 presents the design, development and implementation of the 
proposed WLAN-based MILES.  
 
 
Chapter 7 contains the real-time evaluation results of the proposed system. 
Type of experiments, experimental setups and results are analyzed and discussed. In 
addition, real-time experimental results on various factors affecting the performance 
of the proposed system are presented and discussed. 
 
 
Finally, Chapter 8 concludes the thesis with conclusion and gives directions 
for future works. 
